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PROPAGATING LEAFK COUNT
INFORMATION TO FACILITATE
SWITCHING BETWEEN A SEGMENTED
TUNNEL AND A NON-SEGMENTED TUNNEL

BACKGROUND

A P-tunnel 1s a transport mechamism for forwarding
multicast trathic (e.g., multicast virtual private network
(MVPN) traflic) across a service provider network. A P-tun-
nel may be inclusive or selective. An inclusive P-tunnel
enables an ingress provider edge (PE) device (e.g., an edge
router), associated with a source of the multicast traflic, to
transmit the multicast traflic to all egress PE devices that are
members of a MVPN domain. A selective P-tunnel enables
the mgress PE device to transmit the multicast traflic to a
subset of the egress PE devices.

SUMMARY

According to some possible implementations, a device
may include one or more processors to: provide information
associated with mitiating a segmented tunnel to be used to
transier multicast tratlic via a network covering a plurality of
areas;, receirve acknowledgement information associated
with the segmented tunnel, where the acknowledgement
information may include information that identifies a num-
ber of egress devices, associated with at least one area of the
plurality of areas, that are to receive the multicast traflic;
determine, based on the acknowledgement information, a
total number of egress devices that are to receive the
multicast traflic; and selectively provide the multicast trathic
via the segmented tunnel based on the total number of egress
devices that are to receive the multicast traflic.

According to some possible implementations, a non-
transitory computer-readable medium may store instructions
that, when executed by one or more processors, cause the
one or more processors to: provide initiation information
associated with a segmented tunnel to be used to transfer
multicast traflic via a network that spans a plurality of areas;
receive acknowledgement information, associated with the
segmented tunnel, that includes information that identifies a
number of egress provider edge (PE) devices, associated
with an area of the plurality of areas, that are interested in
receiving the multicast traflic; determine, based on the
acknowledgement mnformation, a total number of egress PE
devices that are interested in recerving the multicast traflic;
and determine whether to provide the multicast tratlic via the
segmented tunnel based on the total number of egress PE
devices that are interested in receiving the multicast traflic.

According to some possible implementations, a method
may include: providing, by device, mnformation associated
with a segmented tunnel associated with transferring tratlic
via a network, where the network may cover a plurality of
areas; receiving, by the device and based on providing the
information associated with the segmented tunnel, informa-
tion that 1dentifies a number of devices, associated with one
or more areas of the plurality of areas, that are to receive the
traflic; determining, by the device and based on the number
of devices that are to receive the tratlic, a total number of
devices that are to receive the traflic; and selectively pro-
viding, by the device, the traflic via the segmented tunnel
based on the total number of devices that are to receive the

trathc.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E are diagrams of an overview of an example
implementation described herein;
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FIG. 2 1s a diagram of an example environment in which
systems and/or methods, described herein, may be imple-

mented;

FIGS. 3A and 3B are diagrams of example components of
one or more devices of FIG. 2:

FIG. 4 1s a call flow diagram of an example process for
selectively continuing to provide multicast traflic using a
segmented tunnel based on a total number of egress PEs
interested 1n recerving multicast trathic; and

FIG. § 1s a flow chart of an example process for selec-
tively continuing to provide multicast traflic using a seg-
mented tunnel based on a total number of egress PEs
interested 1n receiving multicast trailic.

DETAILED DESCRIPTION

The following detailed description of example implemen-
tations refers to the accompanying drawings. The same
reference numbers 1 different drawings may identily the
same or similar elements.

A service provider network may cover multiple areas,
where each area may include a set of devices that 1s
administratively grouped together, such as a set of devices
associated with an autonomous system (AS). For example,
a given area may include one or more PE devices (e.g., one
or more routers positioned at an edge of the service provider
network to allow for communication with one or more
customer edge (CE) devices), one or more area border
routers (ABRs) (e.g., one or more routers positioned at edges
of two or more areas of the service provider network to
allow for inter-area communication), one or more network
devices (e.g., one or more routers positioned within the area
to allow for mtra-area communication between PE devices
and/or ABRs associated with the area), or the like.

In order to allow multicast traflic to be provided across the
service provider network, a selective P-tunnel may be 1ni-
tiated across multiple areas of the service provider network.
For example, an mngress PE device (herein referred to as an
ingress PE) may determine which egress PE devices (herein
referred to as egress PEs), ol multiple egress PEs associated
with one or more areas of the service provider network, are
interested 1n receiving the multicast trathic. In other words,
the mgress PE may determine which egress PEs are to
receive the multicast trailic (e.g., based on the egress PEs
advertising an interest in the multicast traflic). Here, the
ingress PE may set up a selective P-tunnel that causes only
the interested egress PEs to receive the multicast traflic. In
some 1mplementations, the selective P-tunnel may be 1niti-
ated as a non-segmented P-tunnel that spans multiple areas
of the service provider network. In other words, the P-tunnel
may be initiated such that a single P-tunnel acts as a single
tunnel across the multiple areas of the service provider
network.

However, as a number of egress PEs 1nterested in receiv-
ing the multicast traflic increases, the burden on the ingress
PE and/or transit devices (e.g., P-routers, ABRs 233, etc.)
increases. For example, as the number of interested egress
PEs increases, the ingress PE may need to store an increas-
ing amount of control plane information associated with the
non-segmented P-tunnel, which may consume a significant
amount of resources of the ingress PE (e.g., memory
resources, processing resources, etc.). As another example,
as the number of interested egress PEs increases, the ingress
PEs and transit devices may need to maintain an increasing
number of signaling states associated with the non-seg-
mented P-tunnel. Moreover, a signaling protocol, associated
with communications between areas of the service provider
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network, may need to be consistent across the areas of the
service provider network (e.g., which may be undesirable
when use of different signaling protocols would simplify
provisioming of the multicast tratlic).

In order to address these 1ssues, the ingress PE may 5
reimitiate the selective P-tunnel as a segmented P-tunnel
(rather than a non-segmented P-tunnel). For example, the
ingress PE may cause the P-tunnel to be reinitiated such that
a first segment of the P-tunnel transfers the multicast traflic
across a first area of the service provider network, a second 10
segment of the P-tunnel transfers the multicast tratlic across
a second area of the service provider network, and so on.
Use of a segmented P-tunnel may reduce and/or distribute an
amount of resources consumed by the ingress PE and/or the
transit devices. Moreover, use of the segmented P-tunnel 15
may allow different signaling protocols to be used on
different areas of the service provider network.

However, it may be advantageous to reinitiate the non-
segmented P-tunnel (1.e., to switch the segmented P-tunnel
back to a non-segmented P-tunnel) when, for example, the 20
number of egress PEs changes (e.g., decreases) such that
maintaining the non-segmented P-tunnel would consume a
smaller amount of resources and/or operate more efliciently
than maintaining the segmented P-tunnel. Unfortunately, the
ingress PE may be unable to determine the number of egress 25
PEs interested in receiving the multicast traflic after the
ingress PE has reinitiated the non-segmented P-tunnel as a
segmented P-tunnel (i.e., the ingress PE may be unable to
determine a number of egress PEs interested in receiving the
traflic via the segmented P-tunnel). 30

For example, assume that the ingress PE 1s at a first edge
of a first area of the service provider network, and that a
group ol egress PEs 1s positioned at a second edge of a
second area of the service provider network. Finally, assume
that an ABR 1s positioned at the first and second edges of the 35
first area and the second area, respectively (1.e., the ABR 1s
positioned between the ingress PE and the group of egress
PEs). Here, a first segment of the segmented P-tunnel may
traverse the first area (e.g., from the ingress PE to the ABR)
and a second segment of the segmented P-tunnel may 40
traverse the second area (e.g., from the ABR to each of the
group ol egress PEs). During initiation of the segmented
P-tunnel, the ABR may determine that each of the group of
egress PEs 1s interested in receiving the multicast traflic.
However, when providing information, associated with 1nmi- 45
tiating the segmented P-tunnel, to the ingress PE, the ABR
may not provide, to the mgress PE, information that iden-
tifies the number of interested egress PEs.

Moreover, 11 the number of interested egress PEs changes
(e.g., 1ncreases or decreases) after imitiation of the seg- 50
mented P-tunnel, the ABR may not provide, to the ingress
PE, information indicating that the number of interested
egress PEs has changed. As such, the ingress PE may be
unable to determine the number of interested egress PEs
aiter initiation of the segmented tunnel. Thus, the ingress PE 55
may be unable to determine whether to reinitiate the seg-
mented P-tunnel as a non-segmented P-tunnel (1.€., to switch
the segmented P-tunnel back to a non-segmented P-tunnel),
which may result 1n wasted resources associated with main-
taining the segmented P-tunnel. 60

Implementations described herein may allow an ingress
PE to determine a number of egress PEs, interested in
receiving multicast traflic, after a segmented P-tunnel has
been 1nitiated to transfer the multicast traflic. As such, the
ingress PE may be capable of determining whether to 65
reimitiate the P-tunnel as a non-segmented P-tunnel, or

continue using the segmented P-tunnel for transier of the

4

multicast traflic. In this way, an amount of resources, asso-
ciated with transterring the multicast trathc via the P-tunnel,
may be used efliciently.

Notably, while techniques described herein are described
in the context of P-tunnels used to transfer multicast trafhic,
these techniques may be applied to other types of tunnels
associated with transferring multicast traffic.

FIGS. 1A-1E are diagrams of an overview of an example
implementation 100 described herein. For the purposes of
example implementation 100, assume that a service provider
network spans a set of areas (e.g., area 1, area 2, and area 3).
As shown 1n FIG. 1A, area 0 may include a backbone area
that includes a connection between a first ABR (e.g., ABR1)
and a second ABR (e.g., ABR2).

As further shown, area 1 may include a network device
(e.g., ND), an ingress PE, a first egress PE (e.g., PE1), ABR1
(e.g., positioned at edges of area 1 and area 2), and ABR2
(e.g., positioned at edges of area 1 and area 3). As further
shown, a source device (e.g., associated with providing
multicast traflic) may be connected to the ingress PE (e.g.,
via a CE device), and a first receiving device (e.g., receiving
device 1) may be connected to PE1 (e.g., via a CE device).

As further shown, area 2 may include a network device
(e.g., ND), a second egress PE (e.g., PE2), a third egress PE
(e.g., PE3), and ABR1. As shown, a second receiving device
(e.g., receiving device 2) may be connected to PE2 (e.g., via
a CE device), and a third receiving device (e.g., receiving
device 3) may be connected to PE3 (e.g., via a CE device).

As further shown, area 3 may include a network device
(e.g., ND), a fourth egress PE (e.g., PE4), a {ifth egress PE
(e.g., PES), and the ABR2. As shown, a fourth receiving
device (e.g., receiving device 4) may be connected to PE4
(e.g., via a CE device).

As shown by reference number 102, the imngress PE may
determine that a segmented P-tunnel 1s to be used to transfer
the multicast traflic via the service provider network. In
some 1mplementations, the mngress PE may determine that a
segmented tunnel 1s to be used based on a total number of
cegress PHs that are interested in receiving the multicast
traflic, which may be determined by the ingress PE during
initiation of a non-segmented P-tunnel associated with trans-
ferring the multicast traflic.

As shown by reference number 104, based on determining
the multicast traflic 1s to be provided via a segmented
P-tunnel, the ingress PE may provide tunnel imitiation infor-
mation associated with mitiating the segmented P-tunnel. In
some 1mplementations, the tunnel initiation information may

include a type 3 route (1.e., a selective provider multicast
service 1terface (S-PMSI) auto-discovery (AD) route) that
includes information associated with the multicast traflic
(e.g., a customer multicast source address (C-S), a customer
multicast group address (C-G), etc.). Additionally, or alter-
natively, the tunnel mitiation information may include nfor-
mation indicating that the P-tunnel 1s to be mitiated as a
segmented P-tunnel (e.g., rather than a non-segmented
P-tunnel). For example, the tunnel initiation information
may include an extended community value, such as a
segment next hop 1D value, that includes information that
identifies the ingress PE. Here, based on the segment next
hop ID wvalue including information that identifies the
ingress device, one or more devices (e.g., ABR1 and ABR2)
may determine that the tunnel 1s to be a segmented P-tunnel.
As shown, the mgress PE may provide the tunnel mnitiation
information such that the tunnel mmitiation information 1is
received by ABR1, ABR2, and PE1.

As shown 1 FIG. 1B, and by reference number 106,
ABR1 may receive the tunnel initiation information, may
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determine that the tunnel 1s to be mitiated as a segmented
P-tunnel, and may modify the tunnel 1nitiation imnformation
to create modified tunnel nitiation information. In some
implementations, ABR1 may modily the segment next hop
ID value to include information that identifies ABR1 (e.g.,
rather than the igress device). Modifying the tunnel initia-
tion information to identify ABR1 may cause a segmented
P-tunnel to be mitiated such that segmentations take place at
ABRI.

As shown by reference number 108, ABR1 may provide
the modified tunnel 1nmitiation information to PE2 and PE3
(¢.g., via the area 2 network device). As shown by reference
number 110, PE2 may receive the modified tunnel 1nitiation
information, and may determine, based on information
stored or accessible by PE2, whether PE2 1s interested 1n
receiving the multicast traflic. In some implementations,
PE2 may determine whether PE2 i1s interested 1n receiving
the multicast traflic based on information indicating that
receiving device 2 1s to recerve the multicast traflic. As
shown, assume that PE2 determines that PE2 1s interested 1n
receiving the multicast traflic. As shown by reference num-
ber 112, PE2 may provide acknowledgment information to
ABRI1 (e.g., via the area 2 network device). In some 1mple-
mentations, the acknowledgement information may include
a type 4 route (1.e., a leal AD route) that indicates whether
an egress PE 1s interested 1n receiving the multicast traflic.
In some 1mplementations, the acknowledgement informa-
tion, associated with the segmented P-tunnel, may include
an extended community value that indicates whether the
egress PE 1s mterested in receiving the multicast trathic. For
example, as shown, the PE2 acknowledgement information
may include a leat count value that 1s set to a particular value
(c.g., 1) 1 order to indicate that PE2 i1s interested in
receiving the multicast traflic.

As shown by reference number 114, PE3 may similarly
determine that PE3 is interested 1n receiving the multicast
traflic (e.g., based on information indicating that receiving,
device 3 1s to receive the traflic). As shown by reference
number 116, PE3 may provide acknowledgement informa-
tion, associated with the segmented P-tunnel, to ABR1. As
shown, the PE3 acknowledgement information may include
a leaf count value that 1s set to 1 1n order to indicate that PE3
1s 1nterested 1n receiving the multicast traflic.

As shown i FIG. 1C, and by reference number 118,
ABR2 may receive the tunnel initiation information, may
determine that the tunnel 1s to be mitiated as a segmented
P-tunnel (e.g., 1n a manner similar to that as describe above
with regard to ABR1), and may modily the tunnel initiation
information to create modified tunnel 1nitiation information.
In some implementations, ABR2 may modily the segment
next hop ID value to include information that identifies
ABR2 (e.g., rather than the ingress device).

As shown by reference number 120, ABR2 may provide
the modified tunnel 1mitiation information to PE4 and PES
(e.g., via the area 3 network device). As shown by reference
number 122, PE4 may receive the modified tunnel 1nitiation
information, and may determine, based on information
stored or accessible by PE4, that PE4 1s interested 1in
receiving the multicast traflic. As shown by reference num-
ber 124, PE4 may provide acknowledgement information,
associated with the segmented P-tunnel, to ABR2. As
shown, the PE4 acknowledgement information may include
a leaf count value that 1s set to 1 1n order to indicate that PE4
1s 1nterested in receiving the multicast traflic.

As shown by reference number 126, PES may determine
that PES 1s not interested 1n receiving the multicast trathic
(e.g., based on mformation indicating that no devices, con-
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nected to PES, are to receive the multicast trailic). As shown,
PES may not provide acknowledgment information associ-
ated with the segmented tunnel, since PES i1s not interested
in receiving the multicast traflic. Alternatively, PES may
provide acknowledgement imnformation that includes a leaf
count value that 1s set to 0 1n order to indicate that PES 1s not
interested 1n recerving the multicast traflic.

As shown 1n FIG. 1D, and by reference number 128, PE1
may receive the tunnel mitiation imformation, and may
determine, based on information stored or accessible by
PE1, that PE1 1s interested in receiving the multicast traflic.
In this case, PE1 may receive the tunnel mitiation informa-
tion (rather than modified tunnel mitiation information)
since PE1 1s included 1n a same area (e.g., areca 1) as the
ingress device. As shown by reference number 130, PFEI1
may provide acknowledgement information, associated with
the segmented P-tunnel, to the ingress PE (e.g., since PE1 1s
included 1n the same area as the ingress PE). As shown, the
PE1 acknowledgement information may include a leaf count
value that 1s set to 1 1n order to indicate that PE1 1s interested
in recerving the multicast traffic.

As shown 1 FIG. 1E, and by reference number 132,
ABR1 may determine, based on the PE2 acknowledgement
information and the PE3 acknowledgement information, a
first number of egress PEs, associated with ABR1, that are
interested 1n receiving the multicast traflic. As shown, ABR1
may determine that the first number of egress PEs 1s equal
to two (e.g., since both PE2 and PE3 are interested in
receiving the multicast trafhic). As shown by reference
number 134, ABR1 may provide acknowledgement infor-
mation, associated with the segmented P-tunnel, to the
ingress PE (e.g., via the area 1 network device). As shown,
the ABR1 acknowledgement information may include infor-
mation (e.g., a leal count value set to 2) that 1dentifies the
first number of egress PEs (e.g., associated with area 2) that
are interested in receiving the multicast traflic.

As shown by reference number 136, ABR2 may deter-
mine, based on the PE4 acknowledgement information and
based on not recerving PES acknowledgement information,
a second number of egress PEs, associated with ABR2, that
are mterested 1n receiving the multicast tratlfic. As shown,
ABR2 may determine that the second number of egress PEs
1s equal to one (e.g., since only PE4 1s interested 1n receiving
the multicast traflic). As shown by reference number 138,
ABR2 may provide acknowledgement information, associ-
ated with the segmented P-tunnel, to the ingress PE (e.g., via
the area 1 network device). As shown, the ABR2 acknowl-
edgement information may include information (e.g., a leaf
count value set to 1) that identifies the second number of
egress PEs (e.g., associated with area 3) that are interested
in recerving the multicast traffic.

As shown by reference number 140, the imngress PE may
receive the PE1 acknowledgement information, the ABR1
acknowledgement information, and the ABR2 acknowl-
edgement information, and may determine (e.g., by adding
the leal count values) that a total number of egress PEs
interested in recerving the multicast tratlic 1s equal to four
(e.g., PE1, PE2, PE3, and PE4).

As shown by reference number 142, the imngress PE may
selectively provide the multicast traflic via the segmented
P-tunnel based on the total number of egress PEs interested
in receiving the multicast traflic. For example, 11 the total
number of interested egress PEs satisfies (e.g., 1s greater than
or equal to) a segmenting threshold, then the ingress PE may
proceed with providing the multicast traflic via the seg-
mented P-tunnel. Alternatively, if the total number of inter-
ested egress PHEs does not satisty (e.g., 1s less than) the
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segmenting threshold, then the ingress PE may reinitiate the
P-tunnel as a non-segmented P-tunnel and proceed with
providing the multicast tratlic via the non-segmented P-tun-
nel.

In some implementations, the ingress PE may (e.g.,
perlodlcally,, based on a change 1n interest of an egress PE
in receiving the multicast traflic, etc.) receive updated
acknowledgement information associated with the seg-
mented P-tunnel, and may selectively provide the multicast
traflic via the segmented P-tunnel, accordingly. In other
words, the ingress PE may switch between providing the
traflic via a segmented P-tunnel and a non-segmented P-tun-
nel based on receiving updated acknowledgement informa-
tion associated with the multicast traflic. For example, first
updated acknowledgement information (e.g., received after
the segmented P-tunnel 1s mitiated) may identify a first
updated total number of interested egress PEs that does not
satisty the segmenting threshold. Here, the ingress PE may
switch the segmented P-tunnel back to a non-segmented
P-tunnel. Continuing with this example, second updated
acknowledgement information (e.g., received after the first
updated acknowledgment information) may i1dentify a sec-
ond updated total number of interested egress PEs that (once
again) satisfies the segmenting threshold. Here, the ingress
PE may switch the non-segmented P-tunnel back to a
segmented P-tunnel.

In this way, an mgress PE may determine a number of
egress PEs, interested in recerving multicast traflic, after a
segmented P-tunnel has been initiated to transter the mul-
ticast trathc. This may allow the ingress PE to determine
whether to reinitiate the P-tunnel as a non-segmented P-tun-
nel, or continue using the segmented P-tunnel for transfer of
the multicast trailfic.

As mdicated above, FIGS. 1A-1F are provided merely as
examples. Other examples are possible and may differ from
what was described with regard to FIGS. 1A-1E.

FIG. 2 1s a diagram of an example environment 200 in
which systems and/or methods, described herein, may be
implemented. As shown in FIG. 2, environment 200 may
include a source device 205, one or more CEs 210 (e.g., CE
210-1 through CE 210-5), an ingress PE 215, one or more
network devices 220 (e.g., network device 220-1 through
network device 220-3), one or more egress PEs 2235 (e.g.,
cegress PE 225-1 through egress PE 225-5), one or more
receiving devices 230 (e.g., receiving device 230-1 through

receiving device 230-4), and one or more ABRs 235 (e.g.,
ABR 235-1 through ABR 235-2). As shown, ingress PE 2185,

network devices 220, egress PEs 225, and ABRs 235 may be
positioned 1n a particular area 240 and/or on an edge of one
or more areas 240 (e.g., area 240-1, arca 240-2, arca 240-3).
Devices of environment 200 may interconnect via wired
connections, wireless connections, or a combination of
wired and wireless connections.

Source device 205 may include a device, associated with
a customer network, capable of providing tratlic that 1s to be
multicast across a service provider network spanning areas
240 (1.e., multicast trailic). For example, source device 205
may include a server or a group of servers associated with
the customer network. In some implementations, source
device 205 may be Capable of providing the multicast traflic
to mgress PE 215 (e.g., via CE 210-1).
CE 210 may include a device, positioned at an edge of a
customer network, that 1s capable of processing and/or
transferring multicast traflic. For example, CE 210 may
include a router, a gateway, a switch, a server, a modem, a
network interface card (NIC), a hub, a bridge, an optical
add-drop multiplexer (OADM), or the like. In some 1mple-
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mentations, CE 210 may be capable of sending the multicast
traflic to and/or recerving the multicast traflic from a device
associated with the service provider network, such as ingress
PE 215 and/or egress PE 225. Additionally, or alternatively,
CE 210 (e.g., CE device-210-1) may be capable of receiving
the multicast traflic from source device 205.

Ingress PE 215 may include a device, positioned at an
edge of a service provider network, that 1s capable of
providing the multicast traflic via a P-tunnel (e.g., a seg-
mented P-tunnel or a non-segmented P-tunnel). For
example, ingress PE 215 may include a router, a gateway, a
switch, a server, a modem, a NIC, a hub, a bridge, an
OADM, or the like. In some 1mplementations, ingress PE
215 may be capable of determining a number of egress PEs
225 1nterested 1in receiving the multicast traflic and deter-
mining, based on the number of interested egress PEs 225,
whether to 1mtiate the P-tunnel as a segmented P-tunnel or
a non-segmented P-tunnel. Additionally, or alternatively,
ingress PE 215 may be capable of causing a segmented
P-tunnel or a non-segmented P-tunnel to be mitiated across
one or more areas 240 of the service provider network. In
some 1mplementations, ingress PE 215 may be referred to as
a root node.

Network device 220 may include a device, positioned
within an area 240 of the service provider network, that 1s
capable of receiving and providing the multicast traflic
within the area 240 of the service provider network. For
example, network device 220 may include a router, a gate-
way, a switch, a server, a modem, a NIC, a hub, a bridge, an
OADM, or the like. In some implementations, network
device 220 may be positioned between two or more other
devices associated with the area 240 of the service provider
network, as shown in FIG. 2.

Egress PE 225 may include a device, positioned at an
edge of a service provider network, that 1s capable of
receiving the multicast traflic via the P-tunnel and provide
the multicast traflic to receiving device 230. For example,
egress PE 225 may include a router, a gateway, a switch, a
server, a modem, a NIC, a hub, a bridge, an OADM, or the
like. In some implementations, egress PE 225 may be
capable of determiming whether one or more receiving
devices 230, connected to egress PE 225, are to receive the
multicast traflic.

Receiving device 230 may include a device, associated
with the customer network, capable of receiving the multi-
cast traflic. For example, receiving device 230 may include
a server or a group of servers associated with the customer
network. In some implementations, recerving device 230
may be capable of recerving the multicast traflic from egress
PE 225 (e.g., via CE 210). Additionally, or alternatively,
receiving device 230 may be capable of providing informa-
tion 1nd1cat1ng that receiving device 230 1s to receive the
multicast traflic.

ABR 235 may include a device, positioned at edges of
two or more areas 240 of the service provider network, that
1s capable of receiving and providing the multicast traflic
between areas 240. For example, ABR 235 may include a
router, a gateway, a switch, a server, a modem, a NIC, a hub,
a bridge, an OADM, or the like. In some 1implementations,
ABR 235 may act as an mitiation point and/or a termination
point of one or more segments of a segmented P-tunnel. In
some 1mplementations, ABR 235 may be capable of deter-
mining whether one or more egress PEs 225, connected to
ABR 235, are to receive the multicast traflic.

Area 240 may include an area of a service provider
network that includes a set of devices that 1s administratively
grouped together, such as a set of devices associated with an
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autonomous system (AS). For example, area 240 may
include one or more devices of environment 200. In some
implementations, the service provider network may cover
and/or span multiple areas 240. In some 1implementations, a
segment of a segmented P-tunnel may correspond to area
240.

The number and arrangement of devices and networks
shown 1n FIG. 2 are provided as an example. In practice,
there may be additional devices and/or areas, fewer devices
and/or areas, different devices and/or areas, or diflerently
arranged devices and/or areas than those shown in FIG. 2.
Furthermore, two or more devices shown in FIG. 2 may be
implemented within a single device, or a single device
shown 1n FIG. 2 may be implemented as multiple, distrib-
uted devices. Additionally, or alternatively, a set of devices
(e.g., one or more devices) of environment 200 may perform
one or more functions described as being performed by
another set of devices of environment 200.

Notably, while example environment 200 1ncludes a par-
ticular number of source devices 205, CEs 210, ingress PEs
215, network devices 220, egress PEs 225, receiving devices
230, ABRs 235, and areas 240, the devices and areas of
example environment 200 are provided for explanatory
purposes. In other words, the number of source devices 203,
CEs 210, ingress PEs 215, network devices 220, egress PEs
225, recerving devices 230, ABRs 235, and/or areas 240 may
differ from that shown 1n example environment 200.

FIG. 3A 1s a diagram of example components of a device
300. Device 300 may correspond to CE 210, ingress PE 215,
network device 220, egress PE 225, and/or ABR 235. In
some 1mplementations, CE 210, ingress PE 215, network
device 220, egress PE 225, and/or ABR 233 may include one
or more devices 300 and/or one or more components of
device 300. As shown 1n FIG. 3A, device 300 may include
one or more mput components 305-1 through 305-C (Cz1)
(heremaftter referred to collectively as input components
305, and individually as input component 305), a switching
component 310, one or more output components 3135-1
through 315-D (D=1) (hereinatter referred to collectively as
output components 315, and individually as output compo-
nent 315), and a routing component 320.

Input component 305 may include points of attachment
for physical links and may be points of entry for traflic, such
as packets. Input component 305 may process received
traflic, such as by performing data link layer encapsulation
or decapsulation. In some implementations, mput compo-
nent 305 may send packets to output component 315 via
switching component 310.

Switching component 310 may interconnect mput com-
ponents 305 with output components 315. Switching com-
ponent 310 may be implemented using one or more of
multiple, different techniques. For example, switching com-
ponent 310 may be implemented via busses, via crossbars,
and/or with shared memories. The shared memories may act
as temporary bullers to store traflic from input components
305 betore the traflic 1s eventually scheduled for delivery to
output components 315. In some implementations, switch-
ing component 310 may enable input components 305,
output components 315, and/or routing component 320 to
communicate.

Output component 315 may include points of attachment
tor physical links and may be points of exit for tratlic, such
as packets. Output component 315 may store packets and
may schedule packets for transmission on output physical
links. Output component 315 may 1nclude scheduling algo-
rithms that support priorities and guarantees. Output com-
ponent 315 may support data link layer encapsulation or
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decapsulation, and/or a variety of higher-level protocols. In
some i1mplementations, output component 315 may send
packets and/or receive packets.

Routing component 320 includes a processor 1n the form
of, for example, a central processing unit (CPU), a micro-
processor, a field-programmable gate array (FPGA), an
application-specific integrated circuit (ASIC), and/or
another type of processor that can interpret and/or execute
instructions. Routing component 320 1s implemented 1n
hardware, firmware, or a combination of hardware and
software. In some 1implementations, routing component 320
may include one or more processors that can be programmed
to perform a function.

In some implementations, routing component 320 may
include a random access memory (RAM), a read only
memory (ROM), and/or another type of dynamic or static
storage device (e.g., a flash memory, a magnetic memory, an
optical memory, etc.) that stores information and/or mstruc-
tions for use by routing component 320.

In some 1mplementations, routing component 320 may
communicate with other devices, networks, and/or systems
connected to device 300 to exchange information regarding
network topology. Routing component 320 may create rout-
ing tables based on the network topology imnformation, may
create forwarding tables based on the routing tables, and
may forward the forwarding tables to input components 305
and/or output components 315. Input components 305 and/
or output components 315 may use the forwarding tables to
perform route lookups for incoming and/or outgoing pack-
ets.

Routing component 320 may perform one or more pro-
cesses described herein. Routing component 320 may per-
form these processes 1n response to executing soltware
istructions stored by a non-transitory computer-readable
medium. A computer-readable medium 1s defined herein as
a non-transitory memory device. A memory device includes
memory space within a single physical storage device or
memory space spread across multiple physical storage
devices.

Software instructions may be read mto a memory and/or
a storage component associated with routing component 320
from another computer-readable medium or from another
device via a communication interface. When executed,
soltware 1nstructions stored 1n a memory and/or a storage
component associated with routing component 320 may
cause routing component 320 to perform one or more
processes described herein. Additionally, or alternatively,
hardwired circuitry may be used 1n place of or 1n combina-
tion with software instructions to perform one or more
processes described herein. Thus, 1mplementations
described herein are not limited to any specific combination
of hardware circuitry and software.

The number and arrangement of components shown 1n
FIG. 3A are provided as an example. In practice, device 300
may include additional components, fewer components,
different components, or diflerently arranged components
than those shown 1n FIG. 3A. Additionally, or alternatively,
a set of components (e.g., one or more components) of
device 300 may perform one or more functions described as
being performed by another set of components of device
300.

FIG. 3B 1s a diagram of example components of a device
325. Device 325 may correspond to source device 205
and/or receiving device 230. In some implementations,
source device 2035 and/or receiving device 230 may include
one or more devices 325 and/or one or more components of

device 325. As shown 1n FIG. 3B, device 325 may include
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a bus 330, a processor 335, a memory 340, a storage
component 345, an input component 350, an output com-
ponent 355, and a communication interface 360.

Bus 330 may include a component that permits commu-
nication among the components of device 325. Processor
335 1s implemented 1n hardware, firmware, or a combination
of hardware and software. Processor 335 may include a
processor (e.g., a CPU, a GPU, an APU, efc.), a micropro-
cessor, and/or any processing component (e.g., an FPGA, an
ASIC, etc.) that interprets and/or executes instructions. In
some 1mplementations, processor 335 may include one or
more processors that are programmed to perform a function.
Memory 340 may include a random access memory (RAM),
a read only memory (ROM), and/or another type of dynamic
or static storage device (e.g., a flash memory, a magnetic
memory, an optical memory, etc.) that stores mmformation
and/or 1nstructions for use by processor 335.

Storage component 345 may store mformation and/or
soltware related to the operation and use of device 325. For
example, storage component 345 may include a hard disk
(e.g., a magnetic disk, an optical disk, a magneto-optic disk,
a solid state disk, etc.), a compact disc (CD), a digital
versatile disc (DVD), a tloppy disk, a cartridge, a magnetic
tape, and/or another type of computer-readable medium,
along with a corresponding drive.

Input component 350 may include a component that
permits device 325 to receive information, such as via user
iput (e.g., a touch screen display, a keyboard, a keypad, a
mouse, a button, a switch, a microphone, etc.). Additionally,
or alternatively, mnput component 350 may include a sensor
for sensing information (e.g., a global positioming system
(GPS) component, an accelerometer, a gyroscope, an actua-
tor, etc.). Output component 355 may include a component
that provides output information from device 325 (e.g., a
display, a speaker, one or more light-emitting diodes
(LEDs), etc.).

Communication interface 360 may include a transceiver-
like component (e.g., a transceiver, a separate receiver and
transmitter, etc.) that enables device 325 to communicate
with other devices, such as via a wired connection, a
wireless connection, or a combination of wired and wireless
connections. Communication interface 360 may permuit
device 325 to receive information from another device
and/or provide information to another device. For example,
communication interface 360 may include an Ethernet inter-
face, an optical interface, a coaxial interface, an infrared
interface, a radio frequency (RF) interface, a universal serial
bus (USB) interface, a Wi-Fi interface, a cellular network
interface, or the like.

Device 3235 may perform one or more processes described
herein. Device 325 may perform these processes 1n response
to processor 335 executing soitware mnstructions stored by a
non-transitory computer-readable medium, such as memory
340 and/or storage component 345. A computer-readable
medium 1s defined herein as a non-transitory memory
device. A memory device mcludes memory space within a
single physical storage device or memory space spread
across multiple physical storage devices.

Solftware 1nstructions may be read nto memory 340
and/or storage component 345 from another computer-
readable medium or from another device via communication
interface 360. When executed, software instructions stored
in memory 340 and/or storage component 345 may cause
processor 335 to perform one or more processes described
herein. Additionally, or alternatively, hardwired circuitry
may be used in place of or 1n combination with software
instructions to perform one or more processes described
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herein. Thus, implementations described herein are not
limited to any specific combination of hardware circuitry
and software.

The number and arrangement of components shown 1n
FIG. 3B are provided as examples. In practice, device 325
may include additional components, fewer components,
different components, or diflerently arranged components
than those shown 1n FIG. 3B. Additionally, or alternatively,
a set of components (e.g., one or more components) of
device 325 may perform one or more functions described as
being performed by another set of components of device
325.

FIG. 4 15 a call tlow diagram of an example process 400
for selectively continuing to provide multicast tratlic using
a segmented tunnel based on a total number of egress PEs
interested 1n receiving multicast tratlic. In some 1mplemen-
tations, one or more operations of FIG. 4 may be performed
by ingress PE 215, one or more ABRs 235, and one or more
cgress PHEs 225. In some implementations, one or more
operations of FIG. 4 may be performed by another device or
a group ol devices, such as one or more other devices of
environment 200.

As shown in FI1G. 4, process 400 may 1include determining
that a segmented tunnel 1s to be used to transfer multicast
tratlic across a service provider network (reference number
405). For example, ingress PE 215 may determine that a
segmented P-tunnel 1s to be used to transier multicast traflic
across a service provider network. In some implementations,
ingress PE 215 may determine that a segmented P-tunnel 1s
to be used to transfer the multicast tratlic after ingress PE
215 determines, during or after imitiation of a non-seg-
mented P-tunnel, a total number of egress PEs 225 that are
to recerve the multicast traflic (i.e., a total number of egress
PEs 225 that are interested 1n receiving the multicast traflic),
as described below.

As described above, a segmented P-tunnel may include a
P-tunnel comprised of segments, where each P-tunnel seg-
ment may traverse an area 240 of a service provider net-
work. For example, with reference to FIG. 2, a first segment
of a P-tunnel may correspond to area 240-1 (e.g., from
ingress PE 215 to ABR 235-1, ABR 235-2, and/or egress PE
225-1), a second segment of the P-tunnel may correspond to
arca 240-2 (e.g., from ABR 235-1 to egress PE 225-2 and/or
egress PE 2235-3), and a third segment of the P-tunnel may
correspond to area 240-3 (e.g., from ABR 235-2 to egress PE
225-4 and/or egress PE 225-5).

In some 1implementations, ingress PE 215 may determine
that a segmented P-tunnel 1s to be used to transfer the
multicast tratlic based on a total number of egress PEs 2235
interested in receiving the multicast traflic. For example,
assume that ingress PE 213 receives an indication to mnitiate
a non-segmented P-tunnel for transferring the multicast
tratlic (e.g., when ingress PE 215 1s configured to 1nitiate a
non-segmented P-tunnel based on source device 205 indi-
cating that source device 205 wishes to provide multicast
traflic). Here, ingress PE 2135 may initiate the non-seg-
mented P-tunnel by providing tunnel imitiation information
associated with mitiating the non-segmented P-tunnel. As a
particular example, ingress PE 215 may provide, to one or
more one or more egress PEs 225 (e.g., via one or more
ABRs 235) tunnel imitiation mformation in the form of a
type 3 route (1.e., a S-PMSI AD route) that includes infor-
mation associated with the multicast traflic (e.g., a C-S, a
C-@G, etc.).

In some 1implementations, the tunnel mmitiation informa-
tion, associated with the non-segmented P-tunnel, may
include information indicating that the P-tunnel i1s to be a
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non-segmented P-tunnel. For example, the tunnel 1nitiation
information may include an extended community value,
such as a segment next hop ID value. Here, the segment next
hop ID value may be set to a particular value (e.g., 0) 1n
order to indicate that the P-tunnel 1s to be a non-segmented
P-tunnel. In some implementations, each ABR 235 may
torward, based on the information indicating that the P-tun-
nel 1s to be a non-segmented P-tunnel, the tunnel 1mitiation
information to egress PEs 225 (e.g., without moditying the
tunnel mitiation information, as described below with regard
to mitiating a segmented P-tunnel).

Here, each egress PE 225 may determine, based on the
information associated with the multicast tratlic and/or
information associated with receiving device 230 that 1s to
communicate via egress PE 223 (e.g., information indicating
an 1nterest 1n multicast trathic associated with the C-S and/or
the C-G), whether egress PE 225 1s interested 1n receiving
the multicast traflic. Each interested egress PE 225 may then
provide, to mngress PE 215, acknowledgement information in
the form of a type 4 route (1.e., a leat AD route) indicating
whether the egress PE 225 1s interested in receiving the
multicast traflic. In this example, ingress PE 215 may
receive (e.g., via the one or more ABRs 235) type 4 routes
provided by egress PEs 225, and may determine a total
number of egress PEs 225 that are interested in receiving the
multicast traflic based on the number of type 4 routes,
received by mgress PE 215, indicating an interest in the
multicast traflic.

In some 1mplementations, ingress PE 215 may determine
that a segmented tunnel 1s to be used to transier multicast
traflic based on a segmenting threshold configured on
ingress PE 215. Continuing with the above example, ingress
PE 215 may be store or have access to a segmenting
threshold that 1dentifies a threshold number (e.g., 5, 10, 50,
etc.) of egress PEs 225 that may receive multicast traflic via
a non-segmented P-tunnel. In this example, if the total
number of egress PEs 225 that are interested in receiving the
multicast traflic satisfies (e.g., 1s greater than or equal) the
segmenting threshold, then ingress PE 215 may determine
that a segmented P-tunnel 1s to be used to transfer the
multicast tratlic. Alternatively, 1f the total number of egress
PEs 225 that are interested in receiving the multicast traflic
does not satisty (e.g., 1s less than) the segmenting threshold,
then ingress PE 215 may determine that the non-segmented
P-tunnel (e.g., as already initiated by ingress PE 215) 1s to
be used to transier the multicast traffic.

Additionally, or alternatively, ingress PE 215 may deter-
mine that a segmented tunnel 1s to be used to transier the
multicast tratlic in another manner, such as based on user
input idicating that a segmented P-tunnel 1s to be used to
transier the multicast trathic.

As further shown i FIG. 4, process 400 may include
providing tunnel imitiation information associated with the
segmented tunnel (reference number 410). For example,
ingress PE 215 may provide tunnel mnitiation information
associated with the segmented P-tunnel. In some implemen-
tations, ingress PE 215 may provide the tunnel initiation
information when ingress PE 215 determines that a seg-
mented P-tunnel 1s to be used to transier the multicast traflic
across the service provider network.

The tunnel initiation information, associated with the
segmented P-tunnel, may include information associated
with mitiating a segmented P-tunnel across two or more
areas 240 of the service provider network. For example, the
tunnel 1nitiation information, associated with the segmented
P-tunnel, may include a type 3 route that includes the
information associated with the multicast traflic (e.g., the
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C-S, the C-G, a multicast group identifier, etc.). In some
implementations, the tunnel mitiation information, associ-
ated with the segmented P-tunnel, may include information
indicating that the P-tunnel 1s to be a segmented P-tunnel.
For example, the segment next hop 1D value, included 1n the
type 3 route, may be set to a value that 1dentifies ingress PE
215, such as a loopback address of ingress PE 215. Here,
setting the segment next hop ID value to the information that
identifies ingress PE 2135 may indicate (e.g., to ABRs 235)
that the P-tunnel 1s to be a segmented P-tunnel.

Additionally, or alternatively, the tunnel mitiation infor-
mation, associated with the segmented P-tunnel, may
include tunnel configuration information that identifies a
type of tunnel (e.g., a resource reservation protocol (RSVP)
tunnel, a label distribution protocol (LDP) tunnel, etc.) that
1s to be used on a first segment of the segmented P-tunnel
(e.g., the segment associated with area 240-1).

In some implementations, ingress PE 2135 may provide the
tunnel mni1tiation information, associated with the segmented
P-tunnel, to one or more devices of area 240 associated with
ingress PE 215, For example, with reference to example
environment 200, mgress PE 215 may provide (e.g., via
network device 220-1) the tunnel imtiation information,
associated with the segmented P-tunnel, to ABR 235-1, ABR
235-2, and egress PE 225-1. Here, ABR 235-1, ABR 235-2,
and egress PE 225-1 may receive the tunnel initiation
information, associated with the segmented P-tunnel, based
on the tunnel initiation information being provided by
ingress PE 215.

Notably, while additional operations of example process
400 are described 1n the context of devices associated with
area 240-2 of example environment 200 (e.g., ABR 235-1,
cgress PE 225-2, and egress PE 225-3), one or more opera-
tions ol example process 400 may also apply to other
devices associated with one or more other arecas 240 of
example environment 200, such as egress PE 225-1, egress
PE 225-4, egress PE 225-5, ABR 235-2, or the like.

As further shown in FIG. 4, process 400 may include
moditying the tunnel mnitiation information associated with
the segmented tunnel (reference number 415). For example,
ABR 235-1 may modily the tunnel initiation information
associated with the segmented P-tunnel (herein referred to as
segmented P-tunnel 1mitiation information). In some 1mple-
mentations, ABR 235-1 may modify the segmented P-tunnel
initiation information when ABR 235-1 receives the seg-
mented P-tunnel mitiation information from ingress PE 2185,
Additionally, or alternatively, ABR 235-1 may modily the
segmented P-tunnel mitiation information when ABR 235-1
determines that the segmented P-tunnel initiation informa-
tion includes information indicating that the P-tunnel 1s to be
a segmented P-tunnel, as described below.

In some 1mplementations, ABR 235-1 may modily the
segmented P-tunnel iitiation information based on deter-
mining that the P-tunnel 1s to be a segmented P-tunnel. For
example, ABR 235-1 may inspect the segmented P-tunnel
initiation information, and may determine (e.g., based on the
segment next hop ID field being set to the loopback address
of ingress PE 215, rather than O) that the P-tunnel 1s to be a
segmented P-tunnel.

In some implementations, ABR 235-1 may determine that
ABR 235-1 1s to be a point at which the segmentation 1s to
occur. For example, ABR 235-1 may be configured to
determine (e.g., for any segmented P-tunnel) that ABR
235-1 15 to act as a termination point for a first P-tunnel
segment and an 1nitiation point for a second P-tunnel.
Additionally, or alternatively, the segmented P-tunnel 1ni-
tiation mformation may include information indicating that
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ABR 235-1 1s to act as the termination point of the first
segment and/or the 1nitiation point of the second segment.

In some implementations, ABR 235-1 may modily the
segmented P-tunnel initiation information by editing the
information indicating that the P-tunnel 1s to be a segmented
P-tunnel. For example, ABR 235-1 may modily the segment
next hop ID value to include information that identifies ABR
235-1, such as a loopback address of ABR 235-1. In some
implementations, moditying the segmented P-tunnel initia-
tion information may cause a next segment (e.g., from ABR
235-1 to egress PE 225-2 and/or egress PE 225-3) to
terminate at ABR 235-1 (e.g., rather than ingress PE 215).

Additionally, or alternatively, ABR 235-1 may modify the
tunnel configuration information, included 1n the segmented
P-tunnel 1nitiation information, to identify a type of tunnel
that 1s to be used on a second segment of the segmented
P-tunnel (e.g., the segment associated with area 240-2). In
this way, different signaling protocols may be used in
different segments of the segmented P-tunnel.

As further shown i FIG. 4, process 400 may include
providing the modified tunnel initiation information associ-
ated with the segmented tunnel (reference number 420). For
example, ABR 235-1 may provide the modified segmented
P-tunnel mitiation mformation. In some implementations,
ABR 235-1 may provide the modified segmented P-tunnel
initiation information after ABR 235-1 modifies the seg-
mented P-tunnel mitiation information.

In some implementations, ABR 235-1 may provide the
modified segmented P-tunnel initiation information (e.g., via
network device 220-2) to egress PEs 225 associated with
arca 240-2 (1.e., egress PE 225-2 and egress PE 225-3).
Here, egress PE 225-2 and egress PE 225-3 may receive the
modified segmented P-tunnel mitiation information based
on ABR 235-1 providing the modified segmented P-tunnel
initiation imformation.

As further shown i FIG. 4, process 400 may include
determining whether a first egress PE 1s to receive the
multicast traflic (reference number 4235). For example, a first
cegress PE 225 (e.g., egress PE 2235-2) may determine
whether egress PE 225-2 1s to receive the multicast tratlic. In
some 1mplementations, egress PE 225-2 may determine
whether egress PE 225-2 1s to receive the multicast traflic
when egress PE 225-2 receives the modified segmented
P-tunnel 1nitiation information provided by ABR 235-1.

In some implementations, egress PE 225-2 may determine
whether egress PE 225-2 15 to receive the multicast traflic
based on miormation associated with receiving device 230-
3. For example, receiving device 230-3 may provide infor-
mation indicating that receiving device 230-3 1s to receive
multicast traflic associated with the C-S and/or the C-G
included 1n the modified segmented P-tunnel in1tiation infor-
mation. Here, egress PE 225-2 may determine, based on the
information indicating that receiving device 230-3 is to
receive multicast traflic associated with the C-S and/or the
C-G, that egress PE 225-2 1s mterested in receiving the
multicast traflic (e 2., such that the multicast traflic may be
provided to receiving device 230-3). Alternatively, egress
PE 225-2 may determine that egress PE 2235-2 1s not
interested 1n receiving the multicast traflic (e.g., when
receiving device 230, associated with egress PE 225-2, has
not 1indicated that multicast trathic, associated with the C-S
and/or the C-G, 1s to be recerved by receiving device 230).

In some 1implementations, egress PE 225-2 may update
the determination of whether egress PE 2235-2 is to receive
the multicast traflic. For example, egress PE 225-2 may
determine that egress PE 225-2 1s to receive the multicast
traflic at a first time (e.g., when the segmented P-tunnel 1s
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initiated), as described above. Here, egress PE 225-2 may
determine whether egress PE 225-2 1s to receive the multi-
cast traflic at a later time, such as on a periodic basis (e.g.,
every 60 seconds, every 15 minutes, etc.), based on infor-
mation provided by receiving device 230-3 (e.g., when
receiving device 230-3 indicates that recerving device 230-3
1s no longer to receive the multicast traflic associated with
the C-S and/or the C-G, upon detecting a failure associated
with receiving device 230-3, etc.), or the like.

As further shown in FIG. 4, process 400 may include
providing first acknowledgement information, associated
with the segmented tunnel, that includes information indi-
cating whether the first egress PE 1s to receive the multicast
traflic (reference number 430). For example, egress PE
225-2 may provide first acknowledgement information,
associated with the segmented P-tunnel, indicating whether
egress PE 225-2 1s interested in receiving the multicast
traflic. In some 1mplementations, egress PE 225-2 may
provide the first acknowledgement information after egress
PE 225-2 determines whether egress PE 225-2 1s to receive
the multicast traflic.

The acknowledgement information, associated with the
segmented P-tunnel, may include a type 4 route (i.e., a leat
AD route) that indicates whether egress PE 2235-2 1s inter-
ested in receiving the multicast traflic. In some 1mplemen-
tations, the first acknowledgement information, associated
with the segmented P-tunnel, may include an extended
community value that indicates whether egress PE 225-2 1s
interested 1n receiving the multicast traflic. For example, the
first acknowledgement information may include a leaf count
value that 1s set to a particular value (e.g., 1) 1 order to
indicate that egress PE 2235-2 1s to receive the multicast
traflic. As an alternative example, the first acknowledgement
information may include a leal count value that is set to
another particular value (e.g., 0) 1mn order to indicate that
egress PE 225-2 1s not to recerve the multicast traflic (e.g.,
when no receiving device 230, associated with egress PE
225-2, 15 to receive the multicast traflic).

In some implementations, multiple items of acknowledge-
ment 1nd

ormation (e.g., multiple leal count values), associ-
ated with multiple egress PEs 225, may be used to by ingress
PE 215 to determine whether to continue providing the
multicast trailic via the segmented P-tunnel, as described
below.

In some 1mplementations, egress PE 225-2 may provide
updated first acknowledgement information associated with
egress PE 225-2. For example, egress PE 225-2 may repeat
the determination of whether egress PE 225-2 1s interested
in receiving the multicast traflic, as described above. Here,
based on the repeated determination, egress PE 225-2 may
provide updated first acknowledgement imnformation, asso-
ciated with the segmented P-tunnel, indicating (e.g., via the
leat count value) whether egress PE 225-2 1s interested 1n
receiving the multicast traffic or 1s no longer interested in
receiving the multicast traflic.

In some 1implementations, egress PE 225-2 may provide
the first acknowledgement information to ABR 235-1. For
example, egress PE 225-2 may provide the first acknowl-
edgement mnformation to ABR 235-1 based on the segment
next hop ID wvalue, included i the modified segmented
P-tunnel initiation information, that identifies ABR 235-1.
Here, ABR 235-1 may receive the first acknowledgement
information based on egress PE 225-2 providing the first
acknowledgement information. For the purposes of example
process 400, assume that egress PE 225-2 provides first
acknowledgement information indicating that egress PE
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225-2 1s interested 1n rece1ving the multicast tratlic (e.g., that
a leal count value 1n the type 4 route provided by egress PE
225-2 15 set to 1).

As further shown i FIG. 4, process 400 may include
determining whether a second egress PE 1s to receive the
multicast traflic (reference number 435). For example, a
second egress PE 225 (e.g., egress PE 2235-3) may determine
whether egress PE 225-3 15 to receive the multicast traflic in
a manner similar to that described above with regard to the
operation at reference number 425.

As further shown i FIG. 4, process 400 may include
providing second acknowledgement information, associated
with the segmented tunnel, that includes information indi-
cating whether the second egress PE 1s to receive the
multicast traflic (reference number 440). For example,
cgress PE 225-3 may provide second acknowledgement
information, associated with the segmented tunnel, that
includes information indicating whether egress PE 225-3 1s
to recerve the multicast traflic in a manner similar to that
described above with regard to the operation at reference
number 430. For the purposes of example process 400,
assume that egress PE 225-3 provides second acknowledge-
ment information indicating that egress PE 225-3 1s inter-
ested 1n recerving the multicast trathic (e.g., that a leaf count
value 1n the type 4 route provided by egress PE 2235-3 1s set
to 1).

As further shown i FIG. 4, process 400 may include
determining a number of egress PEs, associated with an area
of the service provider network, that are receive the multi-
cast traflic (reference number 445). For example, ABR
235-1 may determine a number of egress PEs 2235, associ-
ated with area 240-2, that are to receive the multicast traflic.
In some implementations, ABR 235-1 may determine the
number of egress PEs 225, associated with area 240-2, that
are to recerve the multicast traflic after egress PEs 223
associated with area 240-2 (e.g., egress PE 225-2 and egress
PE 225-3) provide the first acknowledgement information
and the second acknowledgement information, respectively.
Additionally, or alternatively, ABR 235-1 may determine the
number of egress PEs 225, associated with area 240-2, that
are to receive the multicast traflic at another time, such as
when a timer, associated with ABR 235-1, satisfies a thresh-
old, as described below.

In some 1implementations, ABR 235-1 may determine the
number of egress PEs 225, associated with area 240-2, that
are to receive the multicast traflic, based on acknowledge-
ment mformation provided by egress PHEs 225 associated
with area 240-2. For example, based on the first acknowl-
edgement information (e.g., including a leaf count value set
to 1), and the second acknowledgement information (e.g.,
including a leal count value set to 1), ABR 235-1 may
determine that two egress PEs 225 (e.g., egress PE 225-2
and egress PE 2235-3), associated with area 240-2, are to
receive the multicast trafhic.

In some implementations, ABR 235-1 may determine the
number of egress PEs 225 that are to receive the multicast
trailic based on egress PEs 225, associated with area 240-2,
providing acknowledgement information. For example,
ABR 235-1 may count the number of interested egress PEs
225 as ABR 235-1 receives the acknowledgement informa-
tion from egress PEs 225 associated with area 240-2.

Additionally, or alternatively, ABR 235-1 may determine
the number of egress PEs 225 that are to receive the
multicast tratlic based on a timer configured on ABR 235-1.
For example, ABR 235-1 may start a timer when ABR 235-1
provides the modified segmented P-tunnel initiation infor-
mation. Here, 1f ABR 235-1 does not receive acknowledge-
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ment information from an egress PE 225 to which the
modified segmented P-tunnel 1nitiation information was sent
before the timer reaches a threshold (e.g., 10 seconds, 30
seconds, etc.), then ABR 235-1 may determine that the
egress PE 225 for which acknowledgement information has
not been received, 1s not interested 1n recerving the multicast
traflic. Alternatively, ABR 235-1 may determine that the
egress PE 225 for which acknowledgement has not been
received 1s interested 1n recerving the multicast traflic.

In some 1mplementations, ABR 235-1 may determine an
updated number of egress PEs 225 that are to receive the
multicast tratlic (e.g., at a later time), based on updated
acknowledgement information provided by egress PE 225-2
and/or egress PE 225-3, as described above.

As further shown in FIG. 4, process 400 may include
providing third acknowledgement information, associated
with the segmented tunnel, that includes information that
identifies the number of egress PEs that are to receive the
multicast traflic (reference number 450). For example, ABR
235-1 may provide third acknowledgement information that
identifies the number of egress PEs 225 that are to receive
the multicast trathic. In some implementations, ABR 235-1
may provide the third acknowledgement information when
ABR 235-1 determines the number of egress PEs 225,
assoclated with area 240-2, that are to receive the multicast
traflic.

In some implementations, the third acknowledgement
information may include a type 4 route that identifies the
number of egress PEs 225 that are interested in receiving the
multicast traffic. For example, the third acknowledgement
information may include a leaf count value that 1s set to a
value that corresponds to the number of egress PEs 225 that
are to receirve the traflic (e.g., the leaf count value may be set
to 2 to indicate that egress PE 225-2 and egress PE 225-3 are
interested 1n receiving the multicast trathic, the leal count
value may be set to 1 to indicate that only egress PE 225-2
1s interested in receiving the multicast trathic, etc.).

In some implementations, ABR 235-1 may provide
updated third acknowledgement information. For example,
when ABR 235-1 receives updated first acknowledgement
information or updated second acknowledgement informa-
tion, as described above, ABR 235-1 may provide updated
third acknowledgement information that identifies (e.g., via
the leaf count Value) an updated number of egress PEs 225
that are to receive the multicast traffic. In some 1implemen-
tations, ABR 235-1 may provide the updated acknowledge-
ment 111f0rmat1011 based on a timer associated with ABR
235-1. For example, ABR 235-1 may start a timer upon
providing the third acknowledgement information. Here,
ABR 235-1 may provide updated third acknowledgement
information when the timer reaches a threshold (e.g., 10
minutes, one hour, etc.). In this way, transient problems
and/or 1ssues that cause egress PEs 225 to (e.g., temporarily)
change interest in receiving the multicast trathic may not
cause repetitive switching between providing the multicast
traflic via a segmented P-tunnel and providing the multicast
traflic via a non-segmented P-tunnel, thereby conserving
resources (e.g., network resources, processing resources,
ctc.) that may be consumed due to such repetitive switching.

In some implementations, ABR 235-1 may provide the
third acknowledgement information to ingress PE 215. In
some 1mplementations, ABR 235-2 may also determine and
provide, to mgress PE 215, acknowledgement information
that identifies a number of egress PEs 225, associated with
arca 240-3 (e.g., including egress PE 225-4 and egress PE
225-5), that are to receive the multicast trathic. Similarly,
egress PE 225-1 may provide acknowledgement information




US 9,973,389 B2

19

indicating whether egress PE 225-1 1s to receive the multi-
cast traflic (e.g., since egress PE 225 1s included 1n area
240-1, the acknowledgement information may not be pro-
vided via an ABR 235).

As further shown i FIG. 4, process 400 may include
determining a total number of egress PEs that are to receive
the multicast traflic (reference number 455). For example,
ingress PE 215 may determine a total number of egress PEs
225 that are to receive the multicast traflic. In some 1mple-
mentations, ingress PE 2135 may determine the total number
of egress PEs 225 that are to receive the multicast traflic
when ingress PE 215 receives the third acknowledgement
information provided by ABR 235-1, the acknowledgement
information provided by ABR 235-2, and/or the acknowl-
edgement information provided by egress PE 225-1.

In some 1mplementations, the total number of egress PEs
225 may correspond to a number of egress PEs 225, asso-
ciated with multiple areas 240 (e.g., all arcas 240 of the
service provider network), that are to receive the multicast
traflic. In some 1implementations, ingress PE 215 may deter-
mine the total number of egress PEs 225 that are to receive
the multicast traflic by combining (e.g., adding) the number
of egress PEs 225, associated with each area 240, that are to
receive the multicast trathic.

In some 1mplementations, ingress PE 2135 may determine
an updated total number of egress PEs 225 that are to receive
the multicast traflic. For example, ingress PE 215 may
determine an updated total number of egress PEs 225 when
one or more devices (e.g., ABR 235-1, ABR 235-2, egress
PE 225-1, etc.) provide updated acknowledgement mferma-
tion that identifies an updated number of egress PEs 225 that
are to receive the trailic, as described above.

As further shown i FIG. 4, process 400 may include
selectively continuing to provide the multicast traflic via the
segmented tunnel based on the total number of egress PEs
that are to recerve the multicast traflic (reference number
460). For example, ingress PE 215 may selectively continue
to provide the multicast traflic via the segmented P-tunnel
based on the total number of egress PEs 225 that are to
receive the multicast trailic. In some implementations,
ingress PE 215 may selectively continue to provide the
multicast traflic via the segmented P-tunnel when ingress PE
215 determines the total number of egress PEs 225 that are
to receive the traflic. Additionally, or alternatively, ingress
PE 215 may selectively continue to provide the multicast
traflic via the segmented P-tunnel when ingress PE 215
determines an updated total number of egress PEs 225 that
are to receive the trailic.

In some 1implementations, ingress PE 215 may selectively
continue to provide the multicast traflic via the segmented
P-tunnel based on the total number of egress PEs 2235 that
are interested in recerving the multicast traflic and/or based
on the updated total number of egress PEs 225 that are
interested 1n receiving the multicast trathic. For example,
assume that ingress PE 215 1nitiates a non-segmented P-tun-
nel to provide the multicast traflic, and determines, based on
a {irst total number of type 4 routes provided by egress PEs
225 satisiying a segmenting threshold, that a segmented
P-tunnel 1s to be used to transier the multicast traflic. During
iitiation of the segmented P-tunnel (e.g., as described by
process 400), mngress PE 215 may determine a second total
number of egress PEs 2235 that also satisfies the segmenting,
threshold. In other words, at a first time (e.g., immediately
alter imtiating the segmented P-tunnel), ingress PE 215 may
determine that the number of interested egress PEs 225 still
satisfies the segmenting threshold. Here, ingress PE 215 may

determine that mgress PE 213 1s to continue to provide the
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multicast trailic via the segmented P-tunnel based on the
second total number of egress PEs 225 satisiying the seg-
menting threshold.

At a later time, 1ngress PE 215 may determine (e.g., based
on updated acknowledgement information) a third total
number of egress PEs 225 that are interested 1n receiving the
multicast traflic. Here, assume that the third total number of
egress PEs 225 does not satisiy the segmenting threshold. In
other words, at the later time, the number of interested egress
PEs 225 may decrease such that the number of interested
cgress PEs 225 1s less than the segmenting threshold. Here,
ingress PE 215 may determine that ingress PE 2135 1s not to
continue to provide the multicast traflic via the segmented
P-tunnel since the third total number of egress PEs 223 does
not satisly the segmenting threshold. In this example,
ingress PE 215 may reinitiate a non-segmented P-tunnel for
providing the multicast traflic.

In some implementations, after mitiating a segmented
P-tunnel, ingress PE 215 may continue determining whether
to remitiate the segmented P-tunnel as a non-segmented
P-tunnel. Similarly, after switching the segmented P-tunnel
back to a non-segmented P-tunnel, imngress PE 215 may
continue determining whether to remnitiate the non-seg-
mented P-tunnel as a segmented P-tunnel.

Although FIG. 4 shows example steps of process 400, 1n
some 1mplementations, process 400 may include additional
steps, fewer steps, different steps, or differently arranged
steps than those depicted in FIG. 4. Additionally, or alter-
natively, two or more of the steps of process 400 may be
performed 1n parallel.

FIG. 5 1s a flow chart of an example process 500 for
selectively continuing to provide multicast tratlic using a
segmented tunnel based on a total number of egress PEs
interested 1n recerving multicast traflic. In some 1implemen-
tations, one or more process blocks of FIG. 5 may be
performed by mgress PE 215. In some implementations, one
or more process blocks of FIG. 5 may be performed by
another device or a group of devices separate from or
including ingress PE 215, such as on or more other devices
ol environment 200.

As shown 1n FIG. 5, process 500 may include determining
that a segmented tunnel 1s to be used to transfer multicast
traflic across a service provider network (step 510). For
example, mgress PE 215 may determine that a segmented
P-tunnel 1s to be used to transter multicast traflic across a
service provider network, as described above with regard to
example process 400.

As further shown in FIG. 35, process 500 may include
providing tunnel imitiation information associated with the
segmented tunnel (block 520). For example, ingress PE 215
may provide tunnel mitiation information associated with
the segmented P-tunnel, as described above with regard to
example process 400.

As further shown in FIG. §, process 500 may include
receiving acknowledgment information associated with the
segmented tunnel (block 530). For example, ingress PE 215
may receive acknowledgment information, associated with
the segmented P-tunnel, as described above with regard to
example process 400. In some implementations, ingress PE
215 may receive the acknowledgment information from one

or more egress PEs 225, ABRs 235, or the like, as described
above.

As further shown in FIG. 35, process 500 may include
determining a total number of egress PEs that are to receive
the multicast traflic (block 540). For example, ingress PE
215 may determine a total number of egress PEs 225 that are
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to receive the multicast tratlic, as described above with
regard to example process 400.

As further shown i FIG. 5, process 500 may include
selectively continuing to provide the multicast tratlic via the
segmented tunnel based on the total number of egress PEs
that are to receive the multicast traflic (block 3550). For
example, ingress PE 215 may selectively continue to pro-
vide the multicast traflic via the segmented P-tunnel based
on the total number of egress PEs 225 that are to receive the
multicast traflic, as described above with regard to example
process 400.

As an example, mgress PE 215 may determine that the
total number of egress PEs 2235 that are to receive the
multicast traflic does not satisiy the segmenting threshold.
Here, ingress PE 2135 may reinitiate the segmented P-tunnel
as a non-segmented P-tunnel and provide the multicast
traflic via the non-segmented P-tunnel.

As another example, ingress PE 215 may determine that
the total number of egress PEs 225 that are to receive the
multicast traflic satisfies the segmenting threshold. Here,
ingress PE 215 may continuing providing the multicast
traflic via the segmented P-tunnel.

Although FIG. 5 shows example blocks of process 500, 1n
some 1mplementations, process 500 may 1nclude additional
blocks, fewer blocks, different blocks, or differently
arranged blocks than those depicted in FIG. 5. Additionally,
or alternatively, two or more of the blocks of process 500
may be performed 1n parallel.

Implementations described herein may allow an ingress
PE to determine a number of egress PEs, interested in
receiving multicast traflic, after a segmented P-tunnel has
been 1nitiated to transfer the multicast trathic. As such, the
ingress PE may be capable of determining whether to
reimitiate the P-tunnel as a non-segmented P-tunnel, or
continue using the segmented P-tunnel for transier of the
multicast traflic. In this way, an amount of resources, asso-
ciated with transierring the multicast trathic via the P-tunnel,
may be used efliciently.

The {foregoing disclosure provides illustration and
description, but 1s not intended to be exhaustive or to limait
the implementations to the precise form disclosed. Modifi-
cations and variations are possible 1 light of the above
disclosure or may be acquired from practice of the imple-
mentations.

As used herein, the term component 1s ntended to be
broadly construed as hardware, firmware, and/or a combi-
nation of hardware and software.

Some 1mplementations are described herein 1n connection
with thresholds. As used herein, satisiying a threshold may
refer to a value being greater than the threshold, more than
the threshold, higher than the threshold, greater than or equal
to the threshold, less than the threshold, fewer than the
threshold, lower than the threshold, less than or equal to the
threshold, equal to the threshold, eftc.

It will be apparent that systems and/or methods, described
herein, may be implemented in different forms of hardware,
firmware, or a combination of hardware and software. The
actual specialized control hardware or software code used to
implement these systems and/or methods 1s not limiting of
the implementations. Thus, the operation and behavior of the
systems and/or methods were described herein without
reference to specific software code—it being understood that
software and hardware can be designed to implement the
systems and/or methods based on the description herein.

Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,
these combinations are not intended to limit the disclosure of
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possible implementations. In fact, many of these features
may be combined in ways not specifically recited i the
claims and/or disclosed in the specification. Although each
dependent claim listed below may directly depend on only
one claim, the disclosure of possible 1mplementations
includes each dependent claim in combination with every
other claim in the claim set.

No element, act, or instruction used herein should be
construed as critical or essential unless explicitly described
as such. Also, as used herein, the articles “a” and “an” are
intended to include one or more items, and may be used
interchangeably with “one or more.” Furthermore, as used
herein, the term “set” 1s intended to include one or more
items (e.g., related 1tems, unrelated 1tems, a combination of
related and unrelated items, etc.), and may be used inter-
changeably with “one or more.” Where only one item 1s
intended, the term “one” or similar language 1s used. Also,
as used herein, the terms “has,” “have,” “having,” or the like
are mtended to be open-ended terms. Further, the phrase
“based on” 1s mtended to mean “based, at least 1n part, on”
unless explicitly stated otherwise.

What 1s claimed 1s:
1. A device, comprising:
an interface; and
one or more processors, communicatively coupled to the
interface, to:
provide information associated with initiating a seg-
mented tunnel to be used to transter multicast traflic
via a network covering a plurality of areas;
receive first acknowledgement information associated
with the segmented tunnel,
the first acknowledgement information including
information that identifies a first quantity of egress
devices, associated with a first area of the plurality
of areas, that are to receive the multicast tratlic;
receive second acknowledgement information associ-
ated with the segmented tunnel,
the second acknowledgement information imncluding
information that identifies a second quantity of
egress devices, associated with a second area of
the plurality of areas, that are to receive the
multicast trafhc,
the second area being different from the first area;
determine, based on the first acknowledgement infor-
mation and the second acknowledgement informa-
tion, a total quantity of egress devices that are to
receive the multicast trafhic; and
selectively provide the multicast traflic via the seg-
mented tunnel based on the total quantity of egress
devices that are to receive the multicast traflic.
2. The device of claim 1, where the one or more proces-
sors are further to:
determine whether the total quantity of egress devices
satisfies a segmenting threshold; and
selectively provide the multicast tratlic via the segmented
tunnel based on determining whether the total quantity
of egress devices satisfies the segmenting threshold.
3. The device of claim 1, where the one or more proces-
sors, when selectively providing the multicast trathic via the
segmented tunnel, are to:
provide the multicast trathic via the segmented tunnel; or
reinitiate the segmented tunnel as a non-segmented tunnel
and provide the multicast traflic via the non-segmented
tunnel.
4. The device of claim 1, where the one or more proces-
sors are further to:
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receive, after providing at least some of the multicast
tratlic via the segmented tunnel, updated acknowledge-
ment information associated with the segmented tun-
nel,
the updated acknowledgement information including
information that identifies an updated quantity of
egress devices, associated with the first area or the
second area, that are to receive the multicast trathc:
determine, based on the updated acknowledgement infor-
mation, an updated total quantity of egress devices that
are to receive the multicast traflic; and
selectively continue to provide the multicast traflic via the
segmented tunnel based on the updated total quantity of
egress devices that are to receive the multicast traflic.
5. The device of claim 1, where the one or more proces-
sors are further to:
determine that the segmented tunnel 1s to be used to
transfer the multicast traflic via the network; and

provide the information associated with initiating the
segmented tunnel based on determining that the seg-
mented tunnel 1s to be used to transier the multicast
tratlic via the network.

6. The device of claim 1, where the first acknowledgement
information includes a type 4 route that includes the infor-
mation that identifies the first quantity of egress devices that
are to receive the multicast traflic.

7. The device of claim 1, where the information associated
with mitiating the segmented tunnel includes a segment next
hop 1dentifier.

8. A non-transitory computer-readable medium storing
instructions, the instructions comprising:

one or more instructions that, when executed by one or

more processors, cause the one or more processors 1o:
provide 1nitiation information associated with a seg-
mented tunnel to be used to transter multicast traflic
via a network that spans a plurality of areas;
receive lirst acknowledgement information, associated
with the segmented tunnel, that includes information
that identifies a first quantity of egress provider edge
(PE) devices, associated with A first area of the
plurality of areas, that are interested 1n receiving the
multicast traffic:
receive second acknowledgement imnformation associ-
ated with the segmented tunnel,
the second acknowledgement information including
information that identifies a second quantity of
egress PE devices, associated with a second area
of the plurality of areas, that are to receive the
multicast traflic,
the second area being diflerent from the first area;
determine, based on the first acknowledgement infor-
mation and the second acknowledgement informa-
tion, a total quantity of egress PE devices that are
interested 1n receiving the multicast traflic; and
determine whether to provide the multicast traflic via
the segmented tunnel based on the total quantity of
egress PE devices that are interested 1n receiving the
multicast traific.

9. The non-transitory computer-readable medium of claim

8, where the one or more 1nstructions, when executed by the

one or more processors, further cause the one or more
processors to:
determine whether the total quantity of egress PE devices
satisfies a threshold; and
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determine whether to provide the multicast traflic via the
segmented tunnel based on determining whether the

total quantity of egress PE devices satisfies the thresh-
old.

10. The non-transitory computer-readable medium of
claim 8, where the one or more instructions, that cause the
one or more processors to determine whether to provide the
multicast tratlic via the segmented tunnel, further cause the
one or more processors to:

provide the multicast trathic via the segmented tunnel; or

reinitiate the segmented tunnel as a non-segmented tunnel

and provide the multicast traflic via the non-segmented
tunnel.
11. The non-transitory computer-readable medium of
claim 8, where the one or more instructions, when executed
by the one or more processors, further cause the one or more
Processors to:
recerve updated acknowledgement information associated
with the segmented tunnel,
the updated acknowledgement information including
information that identifies an updated quantity of
egress PE devices, associated with the first area or
the second area, that are interested 1n recerving the
multicast traffic:
determine, based on the updated acknowledgement infor-
mation, an updated total quantity of egress PE devices
that are 1nterested 1n receiving the multicast tratlic; and

determine whether to provide the multicast traflic via the
segmented tunnel based on the updated total quantity of
egress PE devices that are interested 1n receiving the
multicast traflic.
12. The non-transitory computer-readable medium of
claim 8, where the one or more instructions, when executed
by the one or more processors, further cause the one or more
Processors to:
determine that the segmented tunnel 1s to be used to
transfer the multicast traflic via the network; and

provide the imitiation information associated with the
segmented tunnel based on determining that the seg-
mented tunnel 1s to be used to transier the multicast
tratlic via the network.
13. The non-transitory computer-readable medium of
claim 8, where the segmented tunnel 1s a selective P-tunnel.
14. The non-transitory computer-readable medium of
claim 8, where the initiation information associated with the
segmented tunnel 1includes a segment next hop identifier.
15. A method, comprising:
providing, by device, information associated with a seg-
mented tunnel associated with transferring tratlic via a
network,
the network covering a plurality of areas;

recerving, by the device and based on providing the
information associated with the segmented tunnel, first
information that identifies a first quantity of devices,
associated with a first area of the plurality of areas, that
are to receive the traflic;

receiving second information that identifies a second

quantity of devices, associated with a second area of the

plurality of areas, that are to receive the traflic,

the second area being different from the first area;
determining, by the device and based on the first infor-

mation and the second information, a total quantity of

devices that are to receive the trathc; and

selectively providing, by the device, the trafhic via the

segmented tunnel based on the total quantity of devices
that are to receive the trafhic.




US 9,973,389 B2

25

16. The method of claim 15, where selectively providing
the trathic via the segmented tunnel comprises:
determining that the total quantity of devices satisfies a

threshold; and

providing the traflic via the segmented tunnel based on
determining that the total quantity of devices satisfies
the threshold.

17. The method of claim 15, where selectively providing

the trathic via the segmented tunnel comprises:

determining that the total quantity of devices does satisty
a threshold;

reinitiating the segmented tunnel as a non-segmented
tunnel; and

providing the traflic via the non-segmented tunnel.

18. The method of claim 15, further comprising:

receiving information that identifies an updated quantity
of devices, associated with the first area or the second
area, that are to receive the traflic;

10
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determiming, based on the updated quantity of devices, an
updated total quantity of devices that are to receive the
traflic; and

selectively providing the traflic via the segmented tunnel
based on the updated total quantity of devices that are
to recerve the traflic.

19. The method of claim 15, further comprising:

determiming that the segmented tunnel 1s to be used to
transfer the tratlic via the network; and

providing the information associated with the segmented
tunnel based on determiming that the segmented tunnel
1s to be used to transfer the traflic via the network.

20. The method of claim 15, where the information

associated with the segmented tunnel 1s a type 3 route that

includes information associated with mnitiating the seg-
mented tunnel.
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